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Elias Metschnikoff, Director of the Paris P'lsteur Institu te, Prof. 
W. H. Flower, C. B., F.R.S., and Mr. W. E. II. Le:ky. 

Delegates from the seventh International Congress of Hygiene 
and Demography will be received by the Vice-Chancellor in the 
Senate House on Saturday, Aui:uSt 15. 

The Museums Association hold their annual meeting in July 
in the buildings lately erected for the departments of Anatomy 
and Physiology. 

Prof. Foster is appointed by the University a Member of 
Council of the Marine Biological Association. 

The reference to the Syndicate on the question of Greek in 
the Previous Examination has been enlarged to include Latin 
also, and will be decided on by the Senate early in the October 
term. An animated discussion on the quest ion took place in 
the Arts School, in which the claims of modern (non-classical ) 
education for consideration by the University were strongly put 
forward by men of the highest classical distinction. 

Mr. J. N. Keynes, the Secretary for the Local Examinaliom, 
has been approved for the degree of Doctor in Science. 

An election to an Isaac Newton Studentship will take place in 
October. The value is £zoo a year for three years from April 
15, 1891. Candidates are to send their names and testimonials 
to the Vice-Chancellor between October I and 10. 

It is proposed to affiliate the University to the University of 
Adelaide, South Australia. 

The General Board of Studies propose that Dr. Ruhemann, 
hitherto As,istant to Prof. Dewar, shall be appointed a Univer
sity Lecturer in Organic Chemistry. 

A room in the new Physiological Laboratory is to be set aside 
for Psychophysics, and a grant of £So for instruments is 
recommended by the General Board. 

The Annual Report of the University Observatory contains a 
good record of work done and in progress. Prof. Adams is to 
be congratulated on the satisfactory way in which, notwith
standing his long and severe illness, the Observatory has been 
conducted. 

SOCIETIES AND ACADEMIES. 
LONDON. 

Royal Society, May 14.-" On the Theory of Electro-
dynamics." By J. Lumor, Fe \low of St. John's College, 
Cam1ridge. Communicated by Prof. J. J. Thomson, F.R.S. 

The electrical ideas of Clerk Maxwell, which were cultivated 
partly in relation to mechanical models of electrodynamic action, 
led him to the general principle that electrical currents always 
flow round complete circuits. 

When this principle of circuital currents is postulated, the 
theory of electrodynamics is reduced to the Ampere-Neumann 

of complete circuits, of which the truth has been fully 
establtshed. It leads, as shown by Maxwell, to the propagation 
of electrical action in dielectric media by waves of trans verse 
electric displacement, which have the intimate relations tow aves 
of light that are now well known. 

The problem of determining how far these remarkable con
clusions will still hold good when a more general view of the 
nature of dielectric polarization is assumed was considered by 
von Helmholtz in a series of memoirs. 

The most general conception of the polarization of a medittm 
which has bee.n formed is the Poisson theory of magnetization. 
The magnetized element, whether actually produced by the 
orientation of polar molecules, or otherwise, may be mathe
matically considered to be formed by the di<placement of a 
quantity of ideal magnetic matter from its negative to its posi
tive pole, thereby producing defect at the one end, and excess 
at the other end. The element is defined magnetically by its 
moment, which is the product of the displaced quantity and the 
dis_tance through which it is_ displaced. . The displacement per 
umt volume, measured by thts product, IS equal to the magnetic 
moment per unit volume, whether the magnetized m"'lecules fill 
up the whole of that volume or are a sy;tem of discrete particles 
with unoccupied space between them. 
. In the analogue we replace ideal magnetic matter by 
1deal electnc matttr; the displacement thus measured consti
tutes the electric displacement, and its rate of change per unit 
time represents the displacement current in the dielectric. \Ve 
have to consider whether a d•splacement current of this type suf
fices to make all electric currents circuital ; and it will be suffi
cient and convenient to examine the case of a condenser which 
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is charged through a wire connecting its two plates. In the 
first pl:tce, this notion of electric displacement leads to the same 
distributi on of potential between the plates as the ordinary one, 
adopted by Maxwell; for in the theory of induced magnetism 
there occurs a vector quantity of circuital character, the mag-

. netic induction of Maxwell, of which the components are 
-p.(dVfdx), -p.(dV/dy), -p.(dVfdz), and which, therefore, 
eads to the characteri;tic equation of the potential 

ri ( 1'- + _d_ ( 1'- d_v_) + _'i_ ( 1'- <!_V_) = o, 
d. ,· dx dy dy dz dz 

corresponding to the one given above. If the displacement in 
the dielect ric is -t<(dVfdy) , -t<(d Vfdz), then 

1'- = I + 4""'· 
The d isplacement in a unit cube may, of course, be considered 

as a displacement acros; the opposite faces of the cube. 
. Now, considering the case of a plane condenser, let F be the 

electric fnrce in the dielectric between the plates; then the 
displacement is t<F. Let rr be the surface density of the charge 
conducted to a plate ; then the effective electrification along 
that plate will be of surface density u' = u - 1<F; therefore, 
by Coulomb's principle, 

F = 4""' 
== 47r(<T - KF); 

so that 

u == = t<F + -1--F. 
471' 471' 

Thus the current is not Gircuital, but there is an excess of the 
surface <len •ity conducted to the surface over the displacement 
current from the surface, which is equal to F /4,.· 

The specific inductive capacity, as determinecl by static experi
ments on capacity, is here measured by p., the coefficient in the 
expression for u. 

In addition to this discontinuity at the face of a condenser 
plate, the induction in the mass of the dielectric will not be 
circuital unless the electric force is itself circuital, which it is 
not in the general form of the electrudynamic theory. 

The most general type of electrodynamic relations which is 
consistent with the established theory of complete circuits, is 
discussed on the basis of von Helmholtz's work, hut with 
avoidance of certain restricting conditions introduced by him, 
the chief conclusion being as follows: 

In a complete circuit the one thing essential to the established 
theory is that the electric force integrated round the circuit should 
be eqn nl to the time rate of change of the magnetic induction 
through it, and, therefore, have an ascertainable value, though 
its distribution round the circuit is a subject of hypothesis. The 
conclusion that waves of transverse displacement will be propa-

gated in a dielectric with velocity K1 will hold good if we 
assume •tnY form whatever for the electric force which does not 
violate this one relation, and also assume an electrostatic 
polarization of the medium, equal at each point to the electric 
force multiplied by a conotant Kd4"· 

The incrtased generality which can be imparted to the theory 
merely leads to various modes of propagatton of a condensa
tional wave. 

If K2 denote the specific inductive capacity of the medium, 
measure1l in static units, this polarization constant K1 is equal 
to K 2 - 1 ; and the velocity of the transverse waves is the 
ratio of the electric units of quantity in a medium of unit induc-

tive capacity multiplied by the static value of K 1 - !_ The cor
respondence of the refractive index for the simpler media with 

1 

K 2-', as well as direct measures of the relative velocities of 
electric waves in other media, give for the value of this velocity 

the same ratio multiplied by K 0 - ! . These values can be recon
ciled only by the hmitmg form of the th eory of polarization 
which is equivalent to Maxwell's theory. 

May :8.-" On the Anatomy and Physiology of Protopterus 
amucte1,s." By \V. N. Parker, Ph.D., F.Z.S., Professor of 
Biology in University College, Cardiff. Communicated by 
W. H. F lower, F.R.S. · 

The work which has resulted in the prese nt paper was begun 
in Freiburg in the summer of 1888, when the author was for
tunate enough, owing to the generosity of Prof. Wiedersheim, 
to obtain a number of fre>h specimens for examination. As so 
many interesting points presented themselves at an early stage 
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in the research, a short preliminary notice, without illustrations, 
was published in the following autumn (Berichte d. Naturforsch. 
Gesdlsc!wft zu Freiburg i. Br., vol. iv. 1888; see also NATURE, 
vol. xxxix. p. 19) This notice merely forms the ba>is of the 
present paper, in which the whole subject has been worked out 
in greater detail. A number of new facts are recorded, some of 
the author's earlier conclusions modified, and the paper illus· 
trated with II plates containing 71 figures. 

With the exception of certain special details, the structure of 
the skeleton and of the nervous and muscular systems are not 
described, the paper consisting mainly of an account of other 
organs which have not received so much attention from previous 
observers, and of a comparison of Protopterus with the other 
genera of Dipnoi, so far as their structure is known, as well as 
with other Ichthyopsida. 

A number of details with regard to the habits of Protoptertts 
in captivity are given. 

The paired extremities show no connection with the cheiro
pterygium, and, in spite of their considerable nerve-supply, are 
evidently greatly degenerated structures as regards their free 
portions. Sensory organs are not present on them, and they 
therefore cannot have a tactile function. Their distal ends, like 
the apex of the tail, are very variable, and can undoubtedly be 
reproduced when lost by accident. The tail is almost certainly 
not primarily diphycercal, and shows signs of a possible origin 
from a heterocercal form. 

The epidermis on the whole most nearly resembles that of 
Perennibranchiate Amphibians, and gives rise to simple multi
cellular glands, as well as to very tmmerous closely-packed 
goblet-cells, which produce the gluey secretion as well as the 
main substance of the capsule which surrounds the animal during 
the torpid state. 

The integumentary sense-organs are similar to those of fishes 
and larval Amphibians. The relations of the sensory organs of 
the trunk are similar to those seen in young stages of Fishes and 
in Amphibian larvre, while in the case of the head they resemble 
those which are typical for adult Fishes. End-buds, similar in 
structure· to the taste-buds of Fishes and Amphibians, are present 
on the tongue and oral epithelium. 

As regards its general structure, the olfactory organ most 
nearly resembles that of Elasmobranchs, but the presence of 
posterior nostrils raises it to a higher level. The position of the 
anterior nostrils beneath the upper lip is probably to be accounted 
for as an adaptation in connection with the torpid state. Four 
straight and two oblique muscles are pre3ent. The sclerotic is 
fibrous in young animals, and islands of cartilage first appear at 
the points of insertion of eye-muscles, and then gradually extend 
so as to chondrify the whole. The eye resembles that of Am
phibians ; a processus falcif01'mis and campanula Hal!eri are 
absent, and no ciliary muscles were observed, though possibly 
present ; almost all the pigment of the eye is ectodermic. 

No specialized glands are present in connection with the 
greatly folded epithelium of the oral cavity. The lips contain 
no muscles. The tongue, as well as the palate, is covered with 
blunt conical papillre, on which the taste-buds are situated. A 
horny cap is developed over each tooth from the overlying epi
thelium, which apparently becomes cut through by the sharp 
edges and points of the teeth, and which probably corresponds 
to the cuticula dentis. The thyroid and thymus are described. 

A ventral, as well as a fenestrated dorsal, mesentery is present 
supporting the intestine. The author compares the so·called 
urinary bladder ("cloacal crecum ") with the "processus digiti
formis ' ' of Elasmobranchs. A spleen and pancreas are present, 
embedded in the thin walls of the stomach, and extending on to 
the proximal part of the intestine; they are covered externally by 
sparse muscular fibres as well as by the peritoneum. The rela
tions of the pancreas therefore most nearly resemble those met 
with in Ganoids and certain Teleosteans. The pancreas is 
deeply pigmented, and its ducts open into the bile-duct. The 
pigmented walls of the intestine and the spiral valve are very 
thick, owing to the abundance of lymphoid tissue contained 
within them. With the exception of the bursa entiana, the in
ternal walls of which are raised up into a number of deeply 
pigmented oblique folds, the whole of the mucous membrane of 
the stomach and intestine is perfectly smooth, and there is no 
indic:ltion of any differentiated gastric or intestinal glands. 

Cilia are present on the epithelium throughout the stomach 
and intestine. A layer of small-celled lymphoid tissue directly 
underlies the epithelium. In the spleen and lymphoid organs of 
the intestine two kinds of tissue are present. Large migratory 
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cells are present in both kinds of tissue, many of which inclose 
yellowish granules. Gradations between these and rounded 
cells of a deeper yellow or brown colour can apparently be made 
out, and cells appearing to be intermediate forms between these 
and the ordinary black, branched pigment cells can also be seen. 
It seems probable that the yellow granules mentioned above are 
due to the disintegration of red corpuscles, which are ingested by 
leucocytes, and then undergo some change, whereby the latter 
gradually pass into the condition of black pigment cells, which 
migrate through the epithelium, and are so got rid of. The 
muscular layers are very thin. 

The question as to the mode of digestion and absorption of the 
food in Protoptenu is discussed. 

The branchial apparatus shows signs of considerable reduc
tion. The pulmonary apparatus, on the whole, more nearly 
resembles the air-bladder and its duct of certain Ganoids than 
the lungs and laryngo·tracheal chamber of Amphibians. The 
pulmonary branches of the vague cross one another at the base 
of the lungs. 

The blood is remarkable for the large size of its elements, 
which is only exceeded in the case of Proteus and jiren, as well 
as for the large proportion of w bite corpuscles in comparison 
with the red ones. Two forms of the former are described. 
The chief points of interest with regard to the blood-vessels 
are: (1) the paired pulmonary artery, the left supplying the 
ventral, and the right the dorsal, aspect of the lungs; (2) the 
single post ·caval and persistent left posterior cardinal vein; and 
(3) the -single caudal vein, giving rise to a right and a left renal 
portal. 

No external sexual differences could be observed, and amongsl 
the specimens examined, females were the more abundant. 
The urino·genital organs are surrounded by masses of tissue 
resembling the large-celled 'lymphoid tissue of the gut, but 
differing from the latter in becoming largely converted into 
adipose tissue. The kidneys probably represent the mesonephros, 
and their duct the Wolffian duct; nephrostomes are absent. 

In unripe males, delicate MUllerian ducts are present. The 
sperm is conducted to the exterior by a duct, which is probably 
formed in connection with the testis, quite independently of the 
excretory apparatus. The-seminal tubules are directly connected 
with it, and it opens into the base of the M iillerian duct, the 
rest of which apparently aborts completely. Unlike most of 
the tissue elements, which are very large, and closely resemble 
those of the Amphibia, the spermatozoa are very minute, and 
are remarkable in possessing two vihratile flagella attached to
the carrot-shaped ''head." The generative organs of the female 
bear a striking resemblance to those of Amphibians. The 
oviduct corresponds to the MUllerian duct; the epithelium 
covering its internal folds shows signs of degeneration similar 
to those which have recently been described amongst Urodeles. 

An account of the mode of life of Protopterus during the 
torpid period is given. The cocoon is provided with a " lid," 
perforated by a hollow funnel· shaped tube, which passes between 
the lips of the animal, and thus forms a passage for the respira
tory current. The source of nutriment during the summer 
sleep lies in the adipose tissue in connection with the gonads 
and kidneys and alongside the notochord in the tail, as well as 
in the lateral muscles, some of which, especially in the caudal 
region, undergo a granular degeneration. Very probably the
latter is the precursor of the fatty degeneration, and, in all 
ability, leucocytes are the active transporting agents of the 
degenerated material. This assumption woul<l help to explain 
the large development of lymphoid tissue in the body of the 
animal. 

The systematic position of the Dipnoi is briefly discussed in 
the light of the new facts brought forward in the present paper. 
Although the Dipnoi present many points of resemblance to 
Fishes on the one hand, and to the lower Amphibians on the 
other, their connection with any living forms of either class is 
probably a very distant one, and it is inadvisable to classify 
them amongst the Fishes. Owing to the absence of ontological 
evidence, and to the incompleteness of our knowledge of the 
pal reontological history of the Dipnoi, it is impossible to con
struct a genealogical tree which will show, with any approach to 
accuracy, the probable connection between them and other 
Ichtbyopsidan types. The most that can be said at present, with 
anything like certainty, is that the Dipnoi are the isolated sur
vivors of an exceedingly ancient group, which was probably 
related to the ancestors of existing Fishes nnd Amphibians
Amongst the former, the connection seems to be closest to the 
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Elasmobranchs, more particularly to the Chimreroids on th!! one 
hand, and to such an ancient Selachian type as Chlamydoselaclze 
on the other; but, at the same time, the Ganoids probably arose 
from the common ancestral stock not very far off. Though 
retaining many primitive characters, the Dipnoi, and more 
especially Protopterus and Lepidosinn, are in some respects 
highly specialized, the specialization being largely due to a 
change of habit. 

" Method of Indexing Finger Marks.'' By Francis Galton, 
F.R.S. 

Sufticient proof was adduced by me in a memoir read Nov
ember 27, 1890, before the Royal Society (Phil. Trans., B, 
1891 ), of the extraordinary persistence of the papillary ridges 
on the inner surface of the hands throughout life. It was shown 
that the impre.;sion in ink upon paper of each finger tip, con· 
tained on the average from twenty-five to thirty distinct points 
of reference, every one of which, with the rarest exception, 
appeared to be absolutely persistent. Consequently that it was 
possible to affirm with practical certainty whether or no any two 
submitted impressions were made by the fingers of the same 
person. 

In the present memoir I shall explain the way in which finger 
prints may be indexed and referred to after the fashion of a 
dictionary, and on the same general principle as that devised by 
A. Bertillon with respect to anthropometric measures, whose 
ingenious method is now in regular use on a very large scale in 
the criminal administration of France and elsewhere. I desire 
to show how vastly the practical efticiency of any such method 
as that of A. Bertillon admits of being increased by taking 
finger prints into account in the way to be described. 

It must not, however, be supposed that the use of indexing 
finger marks is limited to the above purpose, the power of doing 
so being equally needed for racial and hereditary inquiries. I 
do not dwell upon these appli:ations now, simply because I am 
engaged in making them, and the results are not yet ready to be 
published. I ought, however, to mention that a great increase 
of experience has fully confirmed my earlier views, that finger 
marks are singularly appropriate subjects of anthropometric 
study owing to many distinct reasons. The impressions are 
easily to be made by anyone who has the proper appliances at 
hanr\. They are as durable as any other printed matter, and 
they occupy very little space. The patterns are usually sharp 
and clear, and their minutia are independent of age and growth. 
They are necessarily tru;tworthy, and no reluctance is shown in 
permitting them to be taken, which can be founded either upon 
personal vanity or upon an unwillingness to communicate un
de;irable family peculiarities. 

Without caring to dwell on many of my earlier failures to 
index the finger prints in a satisfactory way, my description 
shall be confined to that which has proved to be a success. It 
is based on a small variety of conspicuous differences of pattern 
in each of many digits, and not upon the numerous minute 
peculiarities of a single digit. My conclusions are principally 
based on a study of the of all IO digits of 289 
different per.mns, but the tables given in the memoir refer only 
to the first roo on my list. These are sufficiently numerous to 
serve as a fair sample of what we might always expect to find, while 
they are not too cumbrous to print and to discuss in full detail. 

Though I have spoken and shall speak only of impressions, it 
is not really necessary in forming an index to make any im
pression at all. All the entries that appear in it may be derived 
directly from the fingers themselves. 

l rely, for the purpose of indexing, on the three elementary 
divisions of primaries, whorls, and loops. They are severally 
expressed by the numerals I and 2, 3 and 4, 5 and 6. The 
reason of this double numeration is that most of the patterns 
have a definite axis. Those that are formed by ridges which 
proceed from only one side of the finger, lie in a sloping direc· 
tion across its axis, the slope being directed according to the 
side from which the supply of ridges proceeds. All normal 
slopes, or those that are (roughly) parallel to a line drawn from 
the tip of the forefinger to the base of the little finger, as well as 
all the patterns that have no definite axis, are expressed by the 
odd numerals, I, 3, or 5· All abnormal slopes are expressed 
by the even numerals 2, 4, or 6. It cannot be too strongly in· 
sisted that the words right and left are ambiguous, and must not 
be used here. 

The forefingers are the most variable of all the digits in 
respect to their patterns, their slopes being almost as frequently 
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abnormal r,s not; the third fingers rank next; the little finger 
ranks last, as its pattern is a loop in nine cases out of ten. 
therefore found it convenient not to index the fingers in their 
natural order, but so that the sequence of the numerals which 
express the patterns on the digits should be divided into two 
groups of three numerals, and two groups of two numerals, as 
355, 455, 55, 35· The first group 355 referring to the first, 
second, and third fingers of the left hand ; the second group 
455 to the first, second, and third fingers of the right hand ; the 
third group 55 to the thumb and fourth finger of the left hand ; 
the fourth group 35 to the thumb and fourth finger of the right 
hand. The index is arranged in the numerical sequence of 
these sets of num hers. 

Before translating the patterns into numerals, I find it an 
excellent plan to draw symbolic pictures of the several patterns in 
the order in which they appear in the impres, ion, or in the fingers 
themselves, as the case may be, confining myself to a limited 
number of symbols [a list of those which have thus far sufficed 
is given in the memoir ; 5 of them are symmetrical symbols, and 
9 are tailed and duplicated for the reasons given above, one of 
each pair being inclined to the right, and the other to the left. 
The total number of these hieroglyphs is consequently 23]. A 
little violence has of course to be used now and then, 
in fitting some unusual pattern to one of these symbols. 
But we are familiar with such processes in ordinary spelling, 
where the same letter does duty for different sounds, as a in the 
words as, ask, ale, and all. The merits of this process are 
many. It facilitates a leisurely revision of first determinations ; 
it affords an adequate record of the character of each pattern ; 
it prevents mistakes between normal and abnormal slopes; it 
prevents confusion when changing the sequence of the entries 
from the order of the impressions to that used in the index ; and, 
lastly, it affords considerable help to a yet further subdivision of 
the patterns. 

In making a large and complete index, the symbols would, of 
course, be cast as movable types, and be printed with the letter· 
press. 

It appe:trs from the 100 cases that are printed in the memoir 
that there were83 different varieties of index numbers when al!IO 
digits are usee\. Consequently the average number of references 
required to pick out a single well-defined case from among these 
100 would be equal to 100 divided by 83-that is, to about r!. 
I do not expect from my own reiterated experiences that there 
would be much trouble due to transitional cases, after. a standard 
collection of doubtful forms had been collected and numbered, 
so as to insure that different per;ons should follow a common 
standard. I find much uniformity in my own judgment. 

Owing to the large effect of correlation. an index based on all 
the IO digits is not much superior in efficiency to one that is 
based on six-namely, upon the first three fingers of both 
hands. In the roo different sets there are, as already said, 
83 varieties of pattern in the one case, and there are 65 in the 
other, which roughly accords with the relative efticiency of 5 to 
4· ] t is, therefore, a fair question whether it is worth while to 
impress all the ro digits. The chief advantage of doing so is to 
add to the volume of evidence, and to supply data which mutila
tion, or bad scars, or obliteration due to some exceptional cause 
might render of value. The three fingers of both hands are more 
than twice as useful for an index as those of one hand only ; 
again, the three fingers of one hand are nearly twice as useful as 
two only. I may mention that for my present inquiries into 
racial and hereditary patterns I am, for various reasons, c\ea\-

1 ing only with the first three fingers of the ri!-(ht hand, and 
slightly rolling the forefinger, so as to obtain a full impression of 
its pattern on the side of the thumb. 

When searching through a large number of prints that bear 
the same index number, in order to find a duplicate of a 
particular specimen, it is a very expeditir>Us method to fix on 
some one well-marked characteristic of a minute kind, such as an 
island, or inclosure, or a couple of adjacent bifurcations, that 
may present itself in any one of the fingers, and in making the 
search to use a lens or lenses of low power, fixed at the end of 
an ann, and to confine the attention solely to looking for that 
one characteristic. The cards on which the finger marks have 
been made, may then be passed successively under the lens with 
great rapidity. 

[It is proposed to exhibit specimens illustrative of this and of 
the previous memoir, together with appliances for taking 
impressions from the fingers, at the approaching soiree of the 
Royal Society.] 
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Physical Society, May 22.-Prof. W. E . Ayrton, F.R.S., 
President, in the chair.--Mr. C. J. Woodward exhibited Dr. 
Schobben's form of lantern stereoscope. This instrument con· 
sists of a double lantern, by which the two pictures of a stereo· 
scopic slide are projected on a screen. The two pictures are 
coloured complementary tints by placing pieces of red and green 
glass in front of the lenses, and each observer views the over
lapping images through spectacles, the eye-glasses of which are 
also coloured red and green. The stereoscopic effect is very 
striking. Mr. Boys stated that he had tried to obtain a similar 
result with the aid of polarized light, hy viewing two polarized 
images through Nicol prisms. No effect was obtained, owing 
to elliptic polarization produced by the screen, but he thought 
that if a dead·gold screen had been used instead of an ordinary 
one, the effect might have been observed.-Prof. Perry, F.R.S., 
showed a new form of steam-engine indicator. A galvanometer 
mirror is fixed excentrically to a steel disk, forming one side of a 
chamber communicating with the cylinder. The pressure of the 
steam bulges out the disk, and causes the mirror to deflect a ray of 
light thrown on it in the ordinary way. A rotation of the mirror 
at right angles to the former is impaned by the movement of the 
piston-rod. The ray of light traces out the diagram on a screen 
suitably placed, and the complete figure is continuously visible, 
owing to the persistence of impressions. This indicator pos
sesses ad vantages over other forms, in being free from errors due 
to friction or oscillations of the springs, and the alteration of 
their elasticity due to temperature changes. The errors of 
ordinary indicators are considerable at high speeds, owing to 
the ripples introduced into the indicator diagram. If the natural 
period of the springs is one-twentieth of the time of a revolu
tion, the diagram is fairly free from ripples, but if it is as much 
as one-tenth, no amount of friction in the indicator will prevent 
ripples forming. In the new indicator, the natural period of 

· the disk can be made very short. The steel disks are easily 
removable, and can be proportioned to suit different pre>sures and 
speeds. For experimental and teaching pur?oses it is advant
ageous to see at once the alterations in the diagram caused by 
changes of load, pressure, &c. Several diagrams were exhibited 
to the meeting. In reply to Prof. Carus Wilson, Prof. Perry 
stated that the deflection was proportional to the pres3ure in the 
cylinder within the limits any particular disk was intended for. 
Mr. Addenbrooke thought the instrument an important im
provement on its predecessors, and considered it would prove of 
great service to electrical engineers. Mr. Swinburne said a 
peculiar merit of the indicator was that it could be permanently 
attached to an engine like an ordinary pressure·gauge. He 
suggested the use of a small telescope instead of the ray method. 
The President thought that the instrument could be modified so 
as to be useful for analyzing the shape of the curves representing 
alternating currents.-On Blakesley's method of measuring 
power in transformers, hy Prof. Perry, F.R.S. This paper 
refers to the supposed error in Mr. Blakesley's formula due to 
the fact that transformers show magnetic leakage. The proofs 
of the formula hitherto given have been obtained by treating the 
equations in the manner first adopted by Dr. Hopkinson. On 
this system the reactions of the primary and secondary currents 
are represented by the equations-

V = R1C1 + PdN, o = R2C2 + 
& 

where P and N are respectively the turns on the primary and 
secondary coils, and N is the magnetic flux between the coil>. 
Here it is assumed that there is no magnetic leakage, and the 
author thinks that on this account the method is inferior to the 
original method of Maxwell, in which the induced electromotive 
forces are expressed in terms of coefficient s of self and mutual 
induction. On the assumption that there nre no eddy currents, 
Maxwell's equations are-

V = R1C1 + L1C1 + MC2 ; o = R2C2 + MC, + L2C2, 

in which although L10 M, and L 2 may not be constant, it may be 
assumed that they are respectively proportional to P2, PS, and 
52, if there is no magnetic leakage; and if the amount of mag
netic leakage bears a constant proportion to the whole flux, the 
three quantities may still be assumed proportional to each other, 
although l\12 is less than L 1 L 2• From these equations we obtain 

Vc - I' C 2 R Me C LtL2 - M ' c c· - '-1 1 - 2 - 1 2 + - -- --- l ,. 
L2 L 2 

Hopkinson puts down the last term as zero, but owing to the 
very rapid rate at which C1 changes, the last term is very im-
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portant, even though M may be but a small percentage less than 
,.J L1L2• On integrating this equation, the first two terms on the 
right-hand side yield Blakesley's formula, and the last term 
vanishes in the integral, because, however great the magnetic 
leakage may be, 

f C 1C1dt = o, 

when en over a period because the functions are periodic. 
Mr. Blakesley's fNnrula thus appears to hold, whatever the mag
netic leakage. The paper contains several tables of calculations 
showing the effect of magnetic leakage on the value of the terms in 
the equation. Mr. Blakesley said he doubted the correctness of 
the assumption that the value ofM was the same in the two equa
tions, and thought that the result arrived at must be incorrect. 
Dr. Sumpner did not doubt that if the coefficients could be con
sidered constant, the formula was true whatever the leakage, 
but he did not consider that the action of transformers justified 
such an assumption. If the formula were true, it would also 
hold if there were eddy currents, as these would merely produce 
the effect of additional secondary coils. He had analyzed 
Blakesley's method by using a modification of the Hopkinson 
equations, and had shown that the power as . estimated by 
Blakesley's formula had to be lessened by the fraction repre
sented by the expression 

X= J xAp J A sdtdt 

e + J ApAsdt' 

where Ap and A s are the instantaneous values of the primary 
and secondary currents, and x is such that N1 = Ns( I + x) where 
N p and N s are the fluxes of magnetism through the primary and 
secondary coils at the same instant; e is a negligibly small 
quantity compared with the rest of the denominator. In ob· 
taining this factor no assumptions whatever had been made, and 
it was easy to see that if Ap and A s could be assumed sine 
functions, and x a constant, the value of the factor X became x 
simply. In only one case did X reduce to zero, and that was 
when x was a sine function of the same period as Ap and A.,. 
He believed that in actual transformers x was approximately 
constant. Mr. Swinburne pointed out that the split dynamo
meter was merely a watt-meter, and stated that he had trans
formers which, owing to magnetic leakage, would indicate an 
efficiency of over 100 per cent. if tested by Blakesley's method. 
If this method gives an efficiency of 96 per cent., and leakage 
causes a drop of 2 per cent. in E. M.F., the real efficiency is 
only about 94 per cent. He thought that the assumption that 
the currents followed a sine law was equivalent to supposing that 
there was no loss in hysteresis. The President >aid that no one 
would be more glad than himself to find that Mr. Blakesley's 
method was accnrate, but he could not agree with Prof. Perry 
that Dr. Hopkinson was wrong in abandoning the academical 
method of Maxwell. Prof. Perry replied to the various points 
raised in the discussion.-A paper on current and potential 
difference analogies in the methods of measuring power, by 
Prof. \V. E. Ayrton and Dr. Sumpner, was postponed. 

Royal Microscopical Society, May 20.-Dr. R. Braith
waite, President, in the chair.-The President said he regretted 
to have to announce the deaths of two of their Honorary Fellows, 
Dr. Carl von Naegeli, of Munich, and Prof. J. Leidy, of Phila
delphia.-Mr. C. L. Curties exhibited a new form of Mayall's 
mechanical stage, recently manufactured by Zeiss, which gave 
upwards of an inch motion each way, and merely required to 
be clamped on the pillar of the microscope when wanted for 
use.-Mr. Watson exhibited and described a microscope which 
he had recently made specially to meet the wants of Dr. Van 
Henrck, of Antwerp. Mr. Mayall, after criticizing the design, 
for which, he understood, Dr. Van Heurck was responsible, 
concluded by expressing his regret that Dr. Van Heurck's 
specification should have resulted in the production of the 
microscope exhibited. Mr. E. M. Nelson and the Rev. Dr. 
Dallinger also criticized the instrument adversely.-Mr. Grenfell 
exhibited the photograph of a small organism, the nature of 
which he had been as yet unable to determine; some zoologists 
and botanists to whom he had shown it . were unable to say 
whether it was vegetable or animal in its nature. He also wished 
to mention that in the Botanical Gardens, Regent's Par!:, there 
were considerable numbers of a free-swimming infusorian 
known as Tintullus. It was remarkable for its chitinous Iorica . 
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Claparede mentioned its having been found at Berlin; but 
hitherto it had only seemed to have been found in sea-water.
Prof. Bell said they had received a communication from Mr. 
J. B. Rosseter describing the development of Ilmia lanceo!ata 
from the duck, the cysticercoid form of which had not been 
previously known. He (Mr. Rosseter) had fed the ducks with 
some of the Cypris known to be infested with the parasite, and 
after some weeks opened the ducks and found the tapeworm 
mentioned. It was interesting to get the life-history of another 
tapeworm worked out.-Mr. E. M. Nelson read a note on the 
subject of lateral development in photography, and a paper 
on the use of monochromatic light in microscopy, and ex
hibited the model of a new and simple apparatus for obtaining 
the same by means of a glass prism. Mr. Nelson also described 
a new projecti•>n microscope fitted with a special condenser 
made of three flint lenses so as to embrace the whole cone of 82°. 
The novelty about it was the system of collecting the light, by 
which a beam of 4i inches was brought down to Ii inches, and 
hy passing through two lenses placed in the water-trough, a 
beam of parallel rays of great intensity was obtained for use in 
projecting the image upon the screen. Afterwards Mr. Nelson 
gave an exhibition on the screen. 

Geological Society, May 27.-Dr. A. Geikie, F.R.S., 
President, in the chair.-The following communications were 
read :-On the lower jaws of Procoptodon, by R. Lydekker. 
After reviewing Sir R. Owen's writings upon the large extinct 
Kangaroos for which he established the genus Procoptodon in 
1874, the author describes two mandibular rami from the clay 
beds of Miall Creek in the neighbourhood of Bingera, N.S. W., 
which belong to this genus, and from their characters and a 
comparison of them with the lower jaws in the British Museum, 
he maintains that this part of the skull indicates two very dis
tinct species of the genus, for which he retains the names P. 
rapha, Ow., and P. go/iah, Ow., though it is possible that the 
types of those two species are really specifically identical, in 
which case the name P. pusio, Ow., might have to be adopted 
for one of the species described.-On some recently exposed 
sections in the Glacial deposits at Hendon, by Henry Hicks, 
F.R.S. In this paper the author brings forward evidence ob
tained from sections exposed in gravel-pits and deep cuttings 
made for the purpose of laying down the main sewers, to show 
that Glacial deposits had been spread out to a much wider extent 
over the Hendon plateau than had hitherto been supposed, and 
that they had reached down the slopes to below the Ordnance
datum line of 200 feet. He further mentions that there is 
evidence to show that these deposits have extended in a south 
and south-west direction across the Brent and Silk Valleys, and 
now occur on most of the heights in the parishes of Kingsbury 
and Willesden. As the sands, gravels, and Boulder-clay which 
cover the Hendon plateau and 1 he neighbouring heights are 
found to rest on an undulating floor of London Clay, and to 
follow the contours of the hills and valleys, the author considers 
that it is clear that the main physical features of this portion of 
North-west Middlesex were moulded at a very early stage in the 
Glacial period, and before the so-called Middle sands and 
gravels and overlying Upper Boulder-clay with Northern 
erratics were deposited. He believes that at this time there 
could have been no barrier of any importance to prevent these 
deposits from extending into the Thames Valley, and that the 
evidence clearly points to the conclusion that the implement
bearing deposits on the higher horizons in the Thames Valley 
should be classed as of contemporaneous age with the undoubted 
Glacial deposits at Hendon, Finchley, and on the slopes of the 
Brent Valley, which they so closely resemble. The author is 
therefore satisfied that man lived in the neighbourhood of the 
Thames Valley in the early part of the Glacial period; probably, 
he thinks, in pre-Glacial times. This paper led to a discussion, 
in which Mr. H . B. Woodward, Mr. J. A. Brown, Dr. Hinde, 
Mr. Monck ton, and the author took part. 

Entomological Society, June 3.-Mr. Frederick Du Cane
Godman, F.R.S., President, in the chair.-Mr. E. B. Poulton, 
F.R.S., exhibited living larvre of Endromis veni,·olora, and 
commented on their habits. - Mr. W. F. H. Blandford called 
attention to the fact that the larvre of Liparis monacha remained 
in small groups on the bark of the tree for about a week after 
emerging from the eggs, and that this fact was taken ad vantage 
of by the German foresters to destroy them. Also that he had 
himself verified the statement that uric acid can be detected in 
the Malpighian tubes of insects. Mr. McLachlan, F.R.S., 
agreed that the demonstration that the Malpighian tubes were of 
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the nature ,, f renal organs was now satisfactory.-Mr. C. J. 
Gahan exhibited two species of Coleoptera that he considered to 
possess a mimetic resemblance.-Mr. Tutt exhibited a hybrid 
between A mphidasis prodromaria and A. betu!aria, obtained by 
Dr. Chapman. Mr. Stainton, F.R.S., commented on the fact that 
the two insects appeared at different times; and Mr. Tutt stated 
that the A. betu!aria had been subjected to forcing, so as to 
cause it to emerge at the same time as A. prodromaria.-Mr. 
Tutt also exhibited forms of Caradrina, some of which he said 
were considered distinct on the Continent, though they were not 
recognized as such in this country, viz. Caradrina ta1·axaci 
(b!anda), C. superstes, Tr., from Sligo, and C. superstes, H. S., 
considered as synonymous with superstes, Tr., but apparently 
more closely allied to C. ambigua.-Mr. Bristowe exhibited 
varieties of Arctia menthastri, so::ne of which had been fed on 
mulberry and others on walnut; no difference was observed in 
the variation.-Mr. G. Elisha exhibited larvre in their cases of 
Coleophora Z'ibiogerel!a and C. maritime!la.--Mr. A. G. Butler 
corr,municated a paper entitled " Additional Notes on the 
Synonymy of the Genera of Noctuid Moths." 

Zoological Society, June 2.-Prof. W. H. Flower, C. B., 
F.R.S., President, in the chair.-The Secretary read a 
report on the additions that had been made to the Society's 
Menagerie during the month of May 1891, calling special atten· 
tion to a female Water-buck Antelope (Cob us ellipsiprymnus) 
from British East Africa, presented by Mr. George S. Mac
kenzie, and to three Blanford's Rats (111us b!anj01·di} from 
Kadapa, Madras, received in exchange, new to the collection. 
-Mr. Sclater made some remarks on the animals which he had 
noticed during a recent visit to the Zoological Gardens of Paris, 
Ghent, Antwerp, Rotterdam, Amsterdam, and the Hague.
Prof. Newton, F.R.S., exhibited (on behalf of Prof. Stirling, 
of the University of Adelaide), a drawing, being the 
first received in Europe, representing the remarkable new 
Australian :Ylammal lately described by Prof. Stirling as No
toryctes typl!ops, which was stated to be the Mole-type of the 
order Marsupialia.-The Secretary exhibited (on behalf of Mr. 
F. E. Blaauw) specimens of the Long-tailed Tit, shot in Hol
land, and sent to this country for the purpose of ascertaining 
whether they belonged to the British form (Acredu/a rosea) or 
the white-headed Continental form (A. caudata).-Mr. F. Finn 
exhibited a hybrid Duck bred in the Society's Gardens, believed 
to be bred between a male Chilian Pintail (Dafi!a spinicauda) 
and a female Summer-Duck (£x sponsa).-A communication 
was read from Dr. 0. F. von Moellendorff containing a revised 
list of the L1nd and Freshwater Shells of Perak, with descrip· 
tions of some new species.-A communication was read from 
Dr. G. E. Dobson, F.R.S., containing a sketch of the deriva
tion and distribution of the Mammals of the order Insectivora 
found in the New World.-Mr. G. A. Boulenger read a report 
on Reptiles, Batrachians, and Fishes of which specimens had 
been collected for the West Indian Exploration Committee in 
some of th,, Lesser Antilles, and deposited in the British 
Museum .-;\ communication was read from Mr. Hamilton H. 
Druce containing an account of the Bntterflies of the family 
Lycrenidre by Mr. C. M. Woodford in the Solomon 
Islands. 

Philosophical Society, May 18.-Prof. Liveing, Vice
President, in the chair.-The following commnnications were 
made :-On parasitic Mollusca, by Mr. A. H. Cooke.-Mr. We 
Bateson exhibited and explained models of double supernumerary 
appendages in insects ; and also a mechanical method of demon
strating the system upon which the symmetry of such appendages 
is usually arranged. -On the nature of the excretory processes 
in marine Polyzoa, by Mr. S. F. Harmer. This communication 
was the result of an occupation of a University table at ihe 
Zoological Station at Naples during the Easter Vacation of 1891. 
Observations were made on the manner in which various arti
ficial pigments were excreted in Bui:;u/a and in Flustra, on 
the lines adopted by Kowalevsky (Biolog. Centra/blatt, ix., 
1889- 1890, pp. 33, &c.) for other invertebrates. The general 
result of the experiments was to show that excretion is not per
formed by organs comparable with nephridia, but that this process 
is carried on by free mesoderm cells, and to some extent by the 
connective tissue and by the walls of the alimentary canal. 
Evidence was obtained to show that the periodic loss of the 
alimentary canals leading to the formation of the "brown 
bodies" may be regarded as, to some extent, an excretory 
process. 
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PARIS. 
Academy of Sciences, June x.-M. Duchartre in the 

chair.-Calorimetric researches on humic acid derived from 
sugar, by MM. Berthelot The experiments sh<;>w 
that humic acid is a polybasic actd whrch may be caused to umte 
with three equivalents of potash to form insoluble salts : one salt 
described is monobasic, stable, and formed with the evolution 
of 18 calories an amount comparable with that evolved 
w ben alkaline are formed by the action of strong acids. 
Many other properties of this acid are given.-Analysis of. the 
light diffused by the sky, by M. A. Crova. The observatiOns 
recorded extend from December 1889 to the same month in 1890. 
From the results it appears that the blue colour of the sky is most 
intense in the months of December, January, March, and Septem
ber; and shows minima in July, August, and November. Roughly, 
the blue colour is deepest in the winter, and palest in summer; 
spring and autumn give sensibly the same results: A comparison 
of the intensities at different hours of the day md1cates that a 
maximum blue coloration occurs in the morning and a minimum 
at the hottest hour in the day.-On Abelian equations, by M.A. 
Pellet.-On a new method of determining the vertical motion of 
acrostats, by M. Andre Duboin. The methods usually employed 
by balloonists to determine their state of vertica] motion are 
bv means of a barometer, or by throwing out light bits of paper 
and observing whether they ascend or descend relatively to the 
balloon. The author has devised an apparatus having the same 
object, on the principal of Kretz's differential manometer, and 
claims for it a sensibility 150 times greater than the ordinary 
mercurial barometer.-New models of copper oxide batteries, 
by M. F. de Lalande. A 35 per cent. solution of potash is the 
liquid employed. In it dips a conglomerate of copper oxide and 
sand covered with a thin porous layer of metallic copper, and 
one or two zinc plates. A cell thus constituted is shown to be 
practically constant for three or four days, and is said to work 
for years. without getting out of order.-Determination of mole
cular weights at the critical point, by .M. Philippe A. 
Guye. Using Van der \Vaals's formula, the author deduces 

ae h d . h . . 1 d . . h d I 146-;;:(1670 + e)'w ere IS t e cnt1ca ens1ty wit respect 

to air, o the critical density with respect to water-that is, the 
weight of the substance in grams occupying a volume of one 
cubic centimetre at the critical state-8 the absolute tempera
ture, and "' the pressure in atmospheres. It is then shown that 
the values of d obtained by means of this empirical formula 
are equal to the molecular weights of the substances investigated 
divided by z8 ·87.-Research on the separation of metals from 
platinum, and in particular of palladium and rhodium in the 
presence of common metals, by MM. A. Joly anti E. Leidie. 
The platinum or palladium are converted into soluble nitrites by 
the addition of potassium nitrite, and are thus separated from 
other metals.-On the specific heats of some solutions, by M. 
\V. Timofeiew. Alcoholic solutions of bichloride of mercury 
and cadmium iodide were used. It is shown that the difference 
between the molecular specific heat of the solution and solvent 
is sensibly equal in the case of both salts, the mean value being 
52. Taking this value to represent the molecular specific heat of 
the salt in solution and the specific heats of the alcohols employed 
to be expressed by the formulfe, 
Cmethyl = 0·56755 + O"OOI633t; Cethyl = 0"53574 ·c 0"002I32t; 

it is shown that the observed and calculated specific heats of the 
solutions arc very nearly the same in each case.-On the oxida
tion products of uric acid, by .M. C. Matignon. The heats of 
formation and combustion of the principal derivatives of uric 
acid are considered.-On the employment of ammonium selenite 
for the identification of alkaloids, by M. A. J. Ferreira da Silva. 
The use of ammonium sulphoselenite for the detection of mor
phine and codeine was suggested by M. Lafon in 1885. The 
author shows how the method can be extended to other alkaloids. 
-On the development of the liver of Nudibrancbiates, by M. 
H. Fischer. The research shows that the liver of N udibranchiates 
is formed to a great extent by the left hepatic lobe of the embryo, 
and that the hepatic organs in two very different groups of Mol
lusca, the Lamellibranchiates and Nudibranchiates, are homolo
gous productions.-The .lsaria, a parasite of the larva of the 
cockchafer, by M. Alfred Giard.-The genera of the group of 
Clusia, and in particular the genus Tovomita, by l\1. J. Vesque. 
-On some supporting elements of the leaves of Dicotyledons, 
by M. E. Pee-Laby.-Diffusion of three distinct forms of 
titanium oxide in the Cretaceous strata of Northern France, by 
M. L. Cayeux. A microscopic examination of the residue after 
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treating chalk with an acid leads the author to believe he has 
recognized the three crystalline forms of titanium oxide-rutile, 
anatase, and brookite.-The lichens on mulberry-trees, and 
their influence on silk culture, by M. G. Hallauer.-On the 
employment of carbon bisulphide against aerial parasites, by 
M. H. Quantin. 

AMSTERDAM. 

Royal Academy of Sciences, May 30.-Prof. Van de 
Sande Bakhuyzen in the chair. -Dr. Bakhuis Roozebo;:,m 
treated of the solubility of mixed crystals of isomorphous sub
stances. Admitting the absolute homogeneity of such crystals, 
according to the recent researches of Retgers, it is possible to 
deduce, by thermodynamical reasoning, that, when p and T are 
taken as constants, equilibrium is obtained when to a proportion " 
of the components in the mixed crystals, correspond two definite 
values cl and c2 for the concentrations of the components in 
the aqueous solution. From the analogy between the said 
equilibrium and that between a liquid and a gaseous phase, 
composed of two substances, are further deduced some general 
conclusions as to the behaviour of solutions of two isomorphous 
salts when they are evaporated. This is done both for the case 
in which the mixed crystals form a continaate series, and that in 
whic;h they present a hiatus. The latter was found in studying 
the solubility of KC103 and TlClO". Solid mixtures were ob
tained at 10'' and I atm. from 0-.36·3 and from 97·9-100 per 
cent. KC103• In the evaporation of any one solution, it tends 
to a composition, which is necessary to deposit the two kinds of 
crystals between which the hiatus exists. 
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